matically generate controls and interpret a performer's actions in the context of music and sound generating variables, and apply those controls to a synthesizer to determine its production of music. The system is inter active in that a user can direct the system's production of music, as he or she hears it being produced, by use of the performance device. If the user does not provide an input, the system proceeds automatically under control of the performance algorithm. This invention relates to electronic music systems, and more particularly relates to a method permitting interactive performance of music generated by an elec tronic music device. This invention is more specifically directed to synthesizer or computer-generated music, especially automatic or semiautomatic digital genera tion of music by algorithm (i.e., by computer program).
In the recent past, there have been proposed music generating systems, to be comprised of a digital com puter and a music synthesizer coupled thereto. In per forming typical such systems, the generated music is determined entirely by the user of the system, playing the role of performer or composer. The user first deter mines the nature of the sounds the system produces by manipulating a plurality of controls, each associated with one or more parameters of the sound. Once the sounds are determined, the user performs music with the system in the manner of a traditional musical instru ment, usually by using a piano-type keyboard.
A major problem with the traditional approach to music as applied in the above-mentioned systems, is that it requires a considerable technical knowledge of 30 sounds that are produced and varied electronically. Another problem is that such systems produce each sound only in response to external stimuli (i.e., acts performed by the user of the system), thereby limiting the complexity of the system's output to what the user is capable of performing. Still another problem is that the relationship between the system and user is limited to the type of functioning typical of a traditional musi cal instrument, so that the user can relate to the system only as a performer relates to his or her instrument. A further problem is that the performance device em ployed by the user is normally a fixed part of the system, and is not interchangeable with other performance de VCS.
Previous systems have not automatically generated sounds, music, or performance information, while al lowing a performer to interact with and influence the course of the music. No previous system designed for performance could be used effectively by a performer or user not having previously learned skills, such as those required to play a keyboard instrument.
OBJECTS AND SUMMARY OF THE INVENTION
Accordingly, it is an object of this invention to pro vide a technique for the interactive control of synthe sized or computer generated music. The technique is interactive in the sense that a listener or operator can direct the system's production of music in response to those aspects of the music automatically generated by the system in response to the music as he or she hears it being played.
It is another object of the present invention to pro vide such a music generating technique in which the music played by the system is generated automatically, while some aspects of the music played by the system can be altered by human input on a performance device associated with the system. It is a further object of the present invention to pro vide a method for producing music using a computer, a music synthesizer, and a performance device associated with the computer permitting user control of at least certain aspects of the automatically produced music.
An interactive performance system according to this invention may be realized in any of a wide diversity of specific hardware and software systems, so long as the hardware for the system includes a synthesizer, a pro grammable computer coupled to the synthesizer and capable of storing and running the software, and at least one performance device for providing, as a user perfor mance input, one or more signals in response to a physi cal act performed by the user; and the software includes algorithms for interpreting performer input as controls for music variables, for generating controls for music variables to be used in conjunction with controls speci fied by the performer, for defining the music variables operative in a particular composition and interpreting controls in light of them, for interpreting music controls in light of sound-generating variables, and for generat ing controls for sound variables to be used in conjunc tion with the other controls.
The method according to this invention is carried out by interpreting a performer's actions as controls and/or automatically generating controls, and interpreting those controls in light of composition and sound vari ables and further interpreting them in light of synthe sizer variables and applying them to control sound pro duction in a synthesizer. Audible musical sounds from the synthesizer are provided as feedback to the per former or user.
The hardware (i.e., the synthesizer and computer) should be capable of real time musical performance, that is, the system should respond immediately to a performer's actions, so that the performer hears the musical result of his or her action while the action is being made. The hardware should contain a real-time clock and interrupt capability.
The performance device can be of any type, includ ing a keyboard, joystick, proximity-sensitive antennas, touch sensitive pads, or virtually any other device that converts a physical motion or act into usable informa tion.
The software (i.e., the sound algorithm, composing algorithm, performance algorithm, and control algo rithms) determines control data for the sound-generat ing variables in such a way that the system performs music automatically with or without human perfor mance. The control data may be generated by the read ing of data tables, by the operation of algorithmic pro cedures, and/or by the interpretion of performance gestures.
In one embodiment, data corresponding to a musical score is generated by a composing algorithm and auto matically determines such musical qualities as melody, harmony, balance between voices, rhythm, and timbre; while a performance algorithm, by interpreting a per former's actions and/or by an automatic procedure, controls tempo and instrumentation. A user can per form the music by using joysticks, proximity-sensitive antennas, or other performance devices.
In another embodiment, the computer-synthesizer system functions as a drum which may be performed by rithms. The control data generated in and processed by the computer 10 are provided to a synthesizer 12 to determine the characteristics of musical sounds, and such sounds are amplified in an amplifier 14 and fed to one or more loudspeakers 6 to play the music. The 40 music serves as feedback to a human user 20, who can interact with the computer 10 by actuating a perfor mance device or devices 22. The latter can be any of a wide variety of devices capable of providing informa tion to the computer, but in this case the devices are 45 proximity sensitive antennas. The user 20 can change the position of his or her hands in relation to the perfor mance device 22 upon hearing music output from the synthesizer 12.
FIG. 2 schematically illustrates the generatron of 50 music as carried out by the computer 10 in connection with the synthesizer 12. The computer 10 stores a per formance algorithm 10-1 which scans for performance action by the human performer 20 and, if these actions are present, interprets the performance actions as con-55 trols for the variables defined in the composition algo rithm 10-2. At the same time, a composition control algorithm 10-3 generates additional controls for vari ables defined in the composition algorithm 10-2 which are not controlled by the performer. The composition 60 algorithm 10-2, which defines the music variables oper ative in a particular composition, interprets the controls applied to it in light of those variables, and applies those controls, in conjunction with additional controls gener ated by a sound control algorithm, to determine values 65 for sound variables as they are defined in a sound algo rithm 10-5. As a result of the latter, the computer fur nishes sound controls to the synthesizer 12, which gen 10 4.
erates sound. The sound itself (i.e., the synthesized mu sic) conveys information generated by the computer 10 in addition to information specified by the performer 20.
The result of the interaction of the computer 10 and the performer 20 is a "conversation' between the com puter and the performer. That is, although the per former 20 may not know precisely what inusical notes are going to be generated, by responding with his or her own gestures to music that is produced by the synthe sizer 12, he or she is able to control the general direction of the performance of the composition. A useful anal ogy is to a conversation or discussion; a discussion leader does not know what another person is going to say, but he or she, knowing the direction the conversa tion is to go, can steer the conversation by framing responses to the other person's remarks.
In a favorable embodiment of this invention, the com puter is programmed in XPL, as shown in simplified form in Table I . In this program, the composition algo rithm interprets a performer's actions as controlling duration and determining which instrumental voices are playing, and interprets controls from the composition control algorithm as determining changing volume of each sound which is heard in the aggregate as a chang ing balance between voices, and the changing duration of each note which is heard as rhythm.
The program begins with statements of initial values. "fibml,' and "fibn2.' Lines 23-27 show that each oc currence of "nowfib' is the sum of its two previous values, stored as "fibml' and "fibm2'. In line 28, the most significant bit of "nowfib' is cleared, leaving "num' as the resultant number. This number "num' is then divided by the difference between the minimum and maximum limits of a specified range, and the re mainder from the quotient is then added to the mini mum limit of the range. For example, if a user specifies a random number to occur between 9 and R7 "num' will be divided by 8 (i.e., the difference between 7 and 9) and the remainder from that division will be added to 9. The variable "tum' contains the value of the resulting number, and is returned to the program as an argument. Lines 36-41 are a subroutine for sampling analog-to digital converters associated with the performance de vice or devices 22, by means of which the analog output voltage from the device 22 is converted to a number suitable for use in this program. Lines 45-49 are the real-time clock interrupt service routine. The clock is set in line 47 to interrupt the program at centisecond intervals, at which times the variable "time' is decre mented by one, thereby allowing the program to count centiseconds, Lines 51 to 176 constitute a continuously executing loop of the program, with the program between lines 54 and 174 executing when the variable "time' is decre mented to zero. If the program is operating in a manual performance mode, which occurs when the variable "auto' is set to zero (which can be done by any means, such as typing a character on a terminal keyboard), lines 56-69 are executed, thereby causing the analog-to-digi tal converters to be sampled via a subroutine call, and 4,716,804 5 the resulting values are set for the variables "spd' and "zonl'. If the program is operating in an automatic performance mode, which occurs when the variable "auto' is set to one, the random number algorithm sets the values for "spd" and "zonl". 5
The interactive performance technique of this inven tion can be thought of as operating in accordance with the flow chart illustrated in FIG. 3 . If there is deter mined to be a human performer input (step 1), the performance algorithm is set to interpret the signal from 10 the performance device 22, as shown in step 2. Then, the composing algorithm interprets the control output from the performance algorithm, as shown in step 3. However, if in step (1) there is determined to be no human performer input, the program proceeds to an 15 alternate function of the performance algorithm as in step 4), and the performance controls in lieu of a human performer are generated automatically. Additional au tomatic music controls are provided as shown in step 5. 20 As shown in step 6), the sound algorithm interprets controls provided by the composing algorithm, and furnishes those controls to the synthesizer 12. Addi tional automatic sound controls are generated, as shown in step 7, and these are furnished to control additional 25 sound variables in the routine of step 6.
Thereafter, as shown in step (8), sound variables are furnished to the synthesizer 12 which generates musical sound, as shown in step (9), and sound is produced from the loudspeakers 16 as immediate feedback 9 to the 30 human performer 20.
Then, upon hearing this music feedback 9 the human performer 20 can adjust the position of his or her hands to change the way that the music is being played .  FIG. 4 shows a flow chart of the melody algorithm as 35 stated in lines 99-108 of the program in Table I . In blocks 12, 13), and 14, the direction of the next phrase, the length of that phrase, and the interval to the next note (which determines the note) are chosen ac cording to a pseudorandom number algorithm. Then, as 40 shown in decision step 15, if the note selected in block 13) exceeds the "keyboard' limits of the program, the algorithm proceeds to step 16, where a new starting note is selected and thereafter the algorithm returns to step (12). However, if the note is not beyond the "key-45 board' limit, the algorithm proceeds to step (17). Then, the next note is selected according to the routine of step 14), until the end of the particular phrase is reached, whereupon the melody algorithm returns to block (12).
As shown in lines 119 to 168 of Table I, the choice of 50 note can be at, above, or below the melody note, which thereby determines the note content of a chord. These lines also determine the volume level for each voice, first according to the value of the variable "zonl", and then according to the pseudorandom number algorithm. 55
Lines 172-174 operate to calculate the value for the duration of each note, according to the value of the variable "spod' in conjunction with the pseudorandom number algorithm.
A typical arrangement of a pair of hand-proximity 60 input devices for use with this embodiment is shown in  FIG. 5 . Here, each of the wand-like proximity sensors 22L and 22R has associated with it a capacitance-to-fre quency converter 24, 25, followed by a frequency-to level converter 26, 27, which is in turn followed by an 65 analog-to-digital converter 28, 29.
A second embodiment of this invention employs a performance device in the form of a touch pad 122 6 having a drum-head-type material 124 on the top sur face thereof. A plurality of pressure sensors 126 which can be piezoceramic transducers determine the pressure applied to the drum head 124 at a plurality of locations thereon. Each of these pressure sensors 126 has its out puts connected to an impact trigger generator 128, and a sample-hold circuit 130, which respectively provide an impact trigger (T), and a pressure signal (1). A loca tion signal (2) is generated in a capacitance sensing system 132 linked to the drumhead 124. The trigger (T) is initiated each time the human performer 20 strikes the drum 122 with his hand. The control signal (1) varies in proportion to the pressure with which the drum 122 is struck, and the control signal (2) varies in accordance with the location of impact of the human performer's hand on the drum head 124.
The computer program for this embodiment of the interactive music performance technique is written in XPL, and a portion of that computer program is shown in Table II . This section of the computer program deter mines how musical variables are controlled in two dif. ferent modes of operation. In a manual operating mode, the performer initiates each sound and controls accent and timbre; in an automatic operating mode, the initia tion of each sound is automatic, and the performer con trols accent, speed, and timbre by striking the drum 124.
In this program, line 3 is a subroutine call which tests the value of an analog-to-digital converter to determine if the drum 122 has been struck. In line 4, the variable "sam' is set to 1 to prevent the computer from repeat edly sensing the same impact, and the variable "sam' is set to 0 in line 28 when the impact of the drum strike has sufficiently decayed to differentiate each strike from the next.
In lines 6-9, the "pressure' output from the drum is sampled, and a corresponding value is assigned to the variable "Zonk'. In lines 11-13, the "location' output from the drum is sampled and a corresponding value is assigned to the variable "place'. In lines 18-19, this algorithm interprets the performance information in a manual operating mode. The variable "gon' is set to 1 which initiates sound when the variable "tim (100)' is decremented to zero in line 38. The variable "Zonk' determines the amount that the sound will be accented.
In lines 45 and 50, the value of "place" determines which of the two sound types will be generated. Lines 22-23 interpret the performance information in auto matic operating mode. The variable "accent' is set to 8 each time the drum is struck, thereby causing an accent.
The value of the variable "Zonk' determines the sound type which will be heard. Lines 30-34 generate timed triggers for the automatic drum sound, and the value of the variable "place', in line 31, determines the speed of repetition of the triggers. Finally, lines 43-57 show how the variables "accent', 'vol', and "loud' are used to Cause accents.
The general principles of this method can be readily explained with reference to the flow chart of FIG. 7. Initially, the signal level at adc(0) is determined in step 19; if it does not exceed the predetermined threshold, there is no initialization of sound in manual mode and no input of controls in auto mode. The routine periodically repeats scanning the signal at adc(0) as shown in step 20). However, if the signal level at adc(0) does exceed the threshold, then the signal level at adc(1), is deter mined in step (21), and applied in step 22 to control a musical variable. 4,716,804 7 Thereafter, the signal level at adc(2) is detected in step 23), and then, in step 24, the control for a second musical variable is determined based on this value.
A timing routine 25 precludes multiple actuations of the drum 122 from generating undesired changes in the music variables. Then, additional necessary routines for producing music are carried out (step 26) and the algorithm ultimately returns (step (27) to the begin ning.
While specific embodiments of this invention have been described hereinabove, many further possible em bodiments will become apparent to those of ordinary skill in the art.
For example, this invention could be employed for the playing of a well known musical score, such as Brahms' Fourth Symphony, in which the user can "con duct" the score by supplying decisions as to rhythm, loudness, relative strength of various instrument voices, and other variables normally associated with conduct 10 15 8 In many possible embodiments, the performer or user can use proximity-sensitive antennas, a joystick, piano type keyboard, touch pad, terminal keyboard, or virtu ally any other device which can translate a human movement into usable information.
In other embodiments, controls for music and/or sound variables can be provided by a pseudorandon number generator, or any other appropriate algorithm, rather than follow any pre-programmed scheme.
In further embodiments, controls for music and/or Sound variables can be provided in accordance with the human performer's interaction with an additional per.
formance device, while his or her interaction with the first performance device 22 or 22, or any other perfor nance device, controls the above-mentioned conduct.
ing variables.
Many further modifications and variations will make themselves apparent to those skilled in the art without departing from the scope and spirit of this invention, as ing a musical work, by input with a performance de-20 defined in the appended claims. 
